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SPECIFICATION * 
[TITLE OF THE INVENTION] 
Fourier transform lens 
[Abstract] 

[Object] To simply structure a Fourier transform lens. 
[Achieving means] A lens system is comprised of a first group 
lens and a second group lens, each made up of one or two lenses 
L x - L 4 in order from an object side. The first group lens and 
the second group lens are constructed of the same lens element 
and are arranged symmetrically with respect to a plane 
perpendicular to an optical axis X. 
[WHAT IS CLAIMED IS; 3 

[Claim 1] A Fourier transform lens including a first group lens 
and a second group lens, each made up of one or two lenses in 
order from an object side, wherein the first group lens and 
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the second group lens are constructed of the same lens element 
and are arranged symmetrically with respect to a plane 
perpendicular to an optical axis. 

[Claim 2] A Fourier transform lens as set forth in Claim 1, 
wherein the following conditional expression (1) is satisfied: 

(1) 1.5£|t B /f 1^2.7 

where f is a focal length of an entire system, and t B is a 
principal-point interval between the respective group lenses. 
[Claim 3] A Fourier transform lens as set forth in Claim 1 or 
Claim 2, wherein the first group lens and the second group lens 
are each formed by a single positive meniscus lens, and the 
following conditional expressions (2) and (3) are satisfied: 

(2) 1.0 <r £ /r b <l.l 

(3) 0.8 <d/f<1.3 

where r f is a curvature radius of a concave surface in the 
positive meniscus lens, r b is a curvature radius of a convex 
surface, and d is a lens thickness. 

[Claim 4] A Fourier transform lens as set forth in Claim 1 or 
Claim 2, wherein the first group lens and the second group lens 
are each made up of a negative meniscus lens and a positive 
lens, and the following conditional expressions (4) and (5) 
are satisfied: 

(4) l.K|f./f p |<1.9 
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{5} 0.6 ^te/f^l.8 

where f B is a focal length of the negative meniscus lens, f p 
is a focal length of the positive lens, and t e is a 
principal-point interval between the negative meniscus lens 
and the positive lens. 

[Claim 5] A Fourier transform lens as set forth in any one of 
Claim 1 to Claim 4, wherein at least one surface of a lens that 
is a constituent element of the first and second group lenses 
is aspherical. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates, to a 

Fourier transform lens. 

[0002] 

[Prior arts] A Fourier transform lens is known as a lens by 
which information about an object side is subjected to a Fourier 
transform and is imaged. That is, when an object placed on 
a focal plane on the object side of a Fourier transform lens 
is illuminated with coherent light, it is subjected to a Fourier 
transform of a light intensity distribution on the object and 
is imaged on a focal plane on an image side. The Fourier 
transform lens functioning in this way is used in a stepper 
of semiconductor-fabrication equipment and a laser resonator 
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as 'well as in a Fourier transform hologram. 
[0003] For example, an 8-group-and-8-lens-f ormed lens 
disclosed in Japanese Unexamined Patent Application 
Publication No. Sho-56-50247 , a 6-lens-f ormed lens disclosed 
in Japanese Unexamined Patent Application Publication No. 
Hei-3-62242, a 5-group-formed lens disclosed in Japanese 
Unexamined Patent Application Publication No. Sho-63-75719, 
a 5-group-and-5-lens-formed lens disclosed in Japanese 
Unexamined Patent Application Publication No. Hei-4-184310 
are known as the Fourier transform lens mentioned here. 
[0004] 

[Themes to be Solved by the Invention] However, the Fourier 
transform lens disclosed in Japanese Unexamined Patent 
Publication No. Sho-56-50247 and the other publications 
mentioned above has many lenses and a complicated structure. 
[0005] The present invention has been made in consideration 
of the aforementioned circumstances, and aims to, provide a 
Fourier transform lens having a simple structure. 
[0006] 

[Means for Solving Themes] The Fourier transform lens according 
to the present invention is characterized in that the Fourier 
transform lens includes a first group lens and a second group 
lens, each made up of one or'two lenses in order from an object 
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side, and the first group lens and the second group lens are 
constructed of the same lens element and are arranged 
symmetrically with respect to a plane perpendicular to an 
optical axis. 

[0007] Preferably, in the Fourier transform lens according to. 
the present invention, the following conditional expression 
(1) is satisfied where f is a focal length of an entire system, 
and t B is a principal-point interval between the respective 
group lenses. 

[0008] (1) 1.5^ |t B /f 1^2.7 

Additionally, preferably, the Fourier transform lens 
according to the present invention is structured so that the 
first group lens and the second group lens are each formed by 
a single positive meniscus lens, and the following conditional 
expressions (2) and (3) are satisfied where r £ is a curvature 
radius of a concave surface in the positive meniscus lens, r b 
is a curvature radius of a convex surface, and d is a lens 
thickness . 

[0009] (2)1.0 < r £ /r b <l.l 
(3) 0.8<d/f<1.3 

Additionally, preferably, the Fourier transform lens 
according to the present invention is structured so that the 
first group lens and the second group lens are each made up 
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of a negative meniscus lens and a positive lens, and the 
following conditional expressions (4) and (5) are satisfied 
where f B is a focal length of the negative meniscus lens, f p 
is a focal length of the positive lens, and t e is a 
principal-point interval between the negative meniscus lens 
and the positive lens. 
[0010] (4)1. 1<| f„/f p |<1.9 
(5) 0.6^t e /f^l.8 

Additionally, preferably, in the Fourier transform lens 
according to the present invention, at least one surface of 
a lens that is a constituent element of the first and second 
group lenses is aspherical. 
[0011] 

[Effects of the invention] The Fourier transform lens according 
to the present invention is structured so that the first group 
lens and the second group lens are each made up of one or two 
lens elements that are identical with each other, and each group 
lens is arranged symmetrically with respect to a plane 
perpendicular to the optical axis, and therefore the number 
of lenses forming the structure can be reduced, and the number 
of kinds of lenses forming the structure can also be reduced. 
Therefore, the structure of the Fourier transform lens can be 
made simple, and the lens can also be easily manufactured, and, 
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as a result, the cost of the lens can be reduced. 
[0012] Additionally, since at least one surface of a lens that 
is a constituent element of the Fourier transform lens 
according to the present invention is aspherical, aberrations 
can be easily corrected. 

10013] Next, a description will be given of the aforementioned 
conditional expressions (1) to (5). 

[0014] If an upper limit value of the conditional expression 

(1) is exceeded, an interval between the group lenses is 
shortened, which is undesirable from the point of view of the 
structure. If a lower limit value of the conditional 
expression (1) is exceeded, the power of the lens element that 
is a constituent element of each group lens must be strengthened, 
and, as a result, sensitivity to an error increases, and an 
anti-error capability deteriorates. 

[0015] If an upper limit value of the conditional expression 

(2) is exceeded, lateral aberrations, astigmatisms, and f- 
sin0 characteristics suffer from a correction deficiency. If 
a lower limit value of the conditional expression (2) is 
exceeded, lateral aberrations, astigmatisms in a meridional 
(tangential) direction, and f-sin0 characteristics suffer 
from a correction excess. 

[0016] If an upper limit value of the conditional expression 
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(3) is exceeded, the lens becomes too thick, and manufacturing 
appropriateness deteriorates. If a lower limit value of the 
conditional expression (3) is exceeded, the power of the lens 
element that is a constituent element of each group lens must 
be strengthened, and, as a result, sensitivity to an error 
increases, and anti-error capability deteriorates. 

[0017] If an upper limit value of the conditional expression 

(4) is exceeded, lateral aberrations and astigmatisms in the 
meridional (tangential) direction suffer from a correction 
excess. If a lower limit value of the conditional expression 

(4) is exceeded, spherical aberrations suffer from a correction 
excess, and the power of the negative meniscus lens and the 
power of the positive meniscus lens become too strong, and 
manufacturing appropriateness deteriorates. 

[0018] If an upper limit value of the conditional expression 

(5) is exceeded, f-sin6 characteristics suffer from a 
correction deficiency. If a lower limit value of the 
conditional expression (5) is exceeded, . f-sinG 
characteristics suffer from a correction excess. 

[0019] 

[Preferred Embodiment] A description will be hereinafter given 
of embodiments of the present invention with reference to the 
drawings. Although six examples according to two embodiments 
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will be hereinafter described concretely, the same sign is 
given to the same element in the description of the drawing 
that corresponds to each example, and the overlapping 
description is omitted. 

[0020] -First Embodiment- 
Fig. 1 to Fig. 3 are views showing the structure of a Fourier 
transform lens according to a first embodiment of the present 
invention. In the first embodiment, Fig. 1 to Fig. 3 show 
Example 1 to Example 3, respectively. As shown in Fig. 1 to 
Fig. 3, the Fourier transform lens according to the first 
embodiment has a 2-group-and-2-lens structure in which a 
positive first lens L x and a positive second lens L 2 are arranged 
in order from an object side, and the positive first lens L x 
and the positive second lens L 2 are arranged to be symmetrical 
with respect to a plane perpendicular to an optical axis X. 
The first lens L #i and the second lens L 2 have positive meniscus 
lenses having the same structure and are structured to satisfy 
the following conditional expressions. 

[0021] 

(1) 1. 5£|t„/f 1^2.7, 

(2) 1.0< r £ /r b <1.1, 

(3) 0.8<d/f<1.3 

where f is a focal length of an entire system, 
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t g is a principal-point interval between the groups, 
r £ is a curvature radius of a concave surface in the lens, 
r b is a curvature radius of a convex surface in the lens, and 
d is a lens thickness. 

Next, a description will be given of the technical meaning of 
the conditional expressions (1) to (3) . 

[0022] If an upper limit value of the conditional expression 

(1) is exceeded, an interval between the group lenses is 
shortened, which is undesirable from the point of view of the 
structure. If a lower limit value of the conditional 
expression (1) is exceeded, the power of the lens element that 
is a constituent element of each group lens must be strengthened, 
and, as a result, sensitivity to an error increases, and an 
anti-error capability deteriorates. 

[0023] If an upper limit value of the conditional expression 

(2) is exceeded, lateral aberrations, meridional (tangential) 
astigmatisms, and f-sinG characteristics suffer from a 
correction deficiency. If a lower limit value of the 
conditional expression (2) is exceeded, lateral aberrations, 
astigmatisms, and f-sinG characteristics suffer from a 
correction excess. 

[0024] If an upper limit value of the conditional expression 

(3) is exceeded, the lens becomes too thick, and manufacturing 
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appropriateness deteriorates. If a lower limit value of the 
conditional expression (3) is exceeded, the power of the lens 
element that is a constituent element of each group lens must 
be strengthened, and, as a result, sensitivity to an error 
increases, and anti-error capability deteriorates. 
[0025] In Examples 1 to 3, the concave surface and the convex 
surface of each lens are " constructed to be aspherical. 
Accordingly, aberrations can be easily corrected. 
[0026] Examples 1 to 3 will be hereinafter described using 
concrete numerical values. 

[0027] <Example 1> The curvature radius r (mm) of each lens 
surface in Example 1, the center thickness of each lens, the 
air interval d (mm) between the lenses, and the refractive index 
of each lens are shown in Table 1 below. 

[0028] It is to be noted that, in Table 1 shown here and in 
Tables 2 and 3 described later, numerals that correspond to 
reference characters r and d are set to become large 
successively from an object side. Numeral 1 corresponds to 
STO in each table. 

[0029] Values of the focal length f of the entire lens system, 
the principal-point interval t fl between the groups, the front 

(object side) surface curvature/back surface curvature r f /r b , 
and the lens thickness d in the Fourier transform lens in this 
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Example 1 are shown at the upper part of Table 1. Lens data 
in Examples 1 to 3 are 808nm in wavelength, 12°in field angle, 
and 2.4 in f -number. "A", "B", and M C" in Table 1 to Table 
3 designate aspherical coefficients. "A" is a fourth-degree 
aspherical coefficient, "B" is a sixth-degree aspherical 
coefficient, and "C" is an eighth-degree aspherical 
coefficient . 
[0030] 
[Table 1] 

Focal length of entire system: f=l 

Principal-point interval between groups: t ff =- 2.6 

Front surface curvature/back surface curvature: r f /r b =1.03 

Lens thickness: d-1.21 
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Number of 
surfaces 


Curvature 
radius 


On-axis 
surface-to- 
surface 
distance 


Refractive 
index 




OBJ 


INFINITY 


INFINITY 






STO 


INFINITY 


0.121201 


1.822755 




2 


INFINITY 


0.427502 






3 


-1 .08011 


1.212011 


1.722689 






A:-.317253E+00 B: -.309915E+00 C: -.559902E+01 




4 


-1.04839 


0.118238 








A: 0.124305E-01 B: 0.918885E-02 




5 


1.04839 


1.212011 


1.722689 






A: -.124305E-01 B: -.918885E-02 




6 


1.08011 


0.427502 








A: 0.317253E+00 B: 0.309915E+00 C: 0.559902E+01 




7 


INFINITY 


0.121201 


1.822755 




8 


INFINITY 


0.000000 






IMG 


INFINITY 









[0031] As is apparent from Table 1, in Example 1, the 
conditional expressions (1) to (3) are all satisfied, and each 
aberration is sufficiently corrected. 



[0032] An aberration diagram of the spherical aberration, 
astigmatism, and distortion aberration in Example 1' is shown 
in Fig. 4, the f-sinG characteristic is shown in Fig. 5, and 
an aberration diagram of the lateral aberration is shown in 
Fig. 6. In Fig. 4, "LONGITUDINAL SPHERICAL ABER" designates 
the spherical aberration, "ASTIGMATIC FIELD CURVES" designate 
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the astigmatism, and "DISTORTION" designates the distortion 
aberration. The aspherical aberration drawing shows an 
aberration with respect to a sagittal (S) image surface (solid 
line) and an aberration with respect to a tangential (T) image 
surface {broken line). As is apparent from Fig. 4 to Fig. 6 
shown here, according to Example 1, the aforementioned 
aberrations and the f-sin0 characteristics can be all made 
preferable. 

[0033] <Example 2> The curvature radius r (mm) of each lens, 
surface in Example 2, the center thickness of each lens, the 
air interval d (mm) between the lenses, and the refractive index 
of each lens are shown in Table 2 below. 

[0034] Values of the focal length f of the entire lens system, 
the principal-point interval t g between the groups, the front 
(object side) surface curvature/back surface curvature r f /r b , 
and the lens thickness d in the Fourier transform lens in this 
Example 2 are shown at the upper part of Table 2. 
[0035] 
[Table 2] 

Focal length of entire system: f=l y 

Principal-point interval between groups: t fl =-2 . 4 

Front surface curvature/back surface curvature: r £ /r b =1.09 

Lens thickness: d=1.21 
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Number of 
surfaces 


Curvature 
radius 


On-axis 
surface-to- 
surface 
distance 


Refractive 
index 


Remarks 


OBJ 


INFINITY • 


INFINITY 






STO 


INFINITY 


0.121163 


1.822755 




2 


INFINITY 


0.418382 






3 


-1.08011 


1.211633 


1.722689 






A:-.278176E+00 B: -.131352E+01 




4 


-1.06780 


0.097571 








A: 0.872714E-02 




5 


1.06780 


1.121163 


1.722689 






A: -.872714E-02 




6 


1.16810 


0.418382 








A: 0.278176E+00 B: 0.131352E+01 




7 


INFINITY 


1.211633 


1.822755 




8 


INFINITY 


0.000000 






IMG 


INFINITY 









[0036] As is apparent from Table 2, in Example 2, the 
conditional expressions (1) to (3) are all satisfied, and each 
aberration is sufficiently corrected. 



[0037] An aberration diagram of the spherical aberration, 
astigmatism, and distortion aberration in Example 2 is shown 
in Fig. 7, the f-sinG characteristic is shown in Fig. 8, and 
an aberration diagram of the lateral aberration is shown in 
Fig. 9. In Fig. 7, "LONGITUDINAL SPHERICAL ABER" designates 
the spherical aberration, "ASTIGMATIC FIELD CURVES" 
designates the astigmatism, and "DISTORTION" designates the 
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distortion aberration- The aspherical aberration drawing 
shows an aberration with respect to a sagittal (S) image surface 
(solid line) and an aberration with respect to a tangential 
(T) image surface (broken line). As is apparent from Fig. 7 
to Fig. 9 shown here, according to Example 2, the aforementioned 
aberrations and the f-sinG characteristics can be all made 
excellent . 

[0038] <Example 3> The curvature radius r (mm) of each lens 
surface in Example 3, the center thickness of each lens, the 
air interval d (mm) between the lenses, and the refractive index 
of each lens are shown in Table 3 below. 

[0039] Values of the focal length f of the entire lens system, 
the principal-point interval t ff between the groups, the front 
(object side) surface curvature/back surface curvature r f /r b , 
and the lens thickness d in the Fourier transform lens in this 
Example 3 are shown at the upper part of Table 3. 
[0040] 
[Table 3] 

Focal length of entire system: f=l 

Principal-point interval between groups: t g =-1.5 

Front surface curvature/back surface curvature: r £ /r b =1.03 

Lens thickness: d=0.81 
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Number of 
surfaces 


Curvature 
radius 


On-axis 
surface-to- 
surface 
distance 


Refractive 
index 


Remarks 


OBJ 


INFINITY ■ 


INFINITY 






STO 


INFINITY 


0.121201 


1.822755 




2 


INFINITY 


0.458508 






3 


-0.89132 


0.808007 


1.783914 






A:-.563857E+00 B: -.123842E+01 C: -.968251E+01 




4 


-0. 86567 


0.54 6557 








A: -.982279E-02 B: 0.166744E-01 


C: 0.428612E-01 




5 


0.86567 


0.808007 


1.783914 






A: 0.982279E-02 


B: 0.166744E-01 C: 0.428612E+01 




6 


0.89132 


0.458508 








A: 0.563857E+00 B: 0.123842E+01 C: 0.968251E+01 




7 


INFINITY 


1.121201 


1.822755 




8 


INFINITY 


0.000000 






IMG 


INFINITY 









[0041] As is apparent from Table 3, in Example 3, the 
conditional expressions (1) to (3) are all satisfied, and each 
aberration is sufficiently corrected. 



[0042] An aberration diagram of the spherical aberration, 
astigmatism, and distortion aberration in Example 3 is shown 
in Fig. 10, the f-sin0 characteristic is shown in Fig. 11, and 
an aberration diagram of the lateral aberration is shown in 
Fig. 12. In Fig. 10, "LONGITUDINAL SPHERICAL ABER" designates 
the spherical aberration, "ASTIGMATIC FIELD CURVES" 
designates the astigmatism, and "DISTORTION" designates the 
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distortion aberration. The aspherical aberration drawing 
shows an aberration with respect to a sagittal (S) image surf ace 
(solid line) and an aberration with respect to a tangential 
(T) image surface {broken line) . As is apparent from Fig. 10 
to Fig. 12 shown here, . according to Example 1, the 
aforementioned aberrations and the f-sin9 characteristics can 
be all made excellent. 

[0043] -Second Embodiment- Fig. 13 to Fig. 15 are views showing 
the structure of a Fourier transform lens according to a second 
embodiment of the present invention. In the second embodiment, 
Fig. 13 to Fig. 15 show Example 4 to Example 6, respectively. 
As shown in Fig. 13 to Fig. 15, the Fourier transform lens 
according to the second embodiment has a 2-group-and-4-lens 
structure in which a negative first lens h lf a positive second 
lens L 2 , a positive third lens L 3 , and a negative fourth lens 
L 4 are arranged in this order from an object side, and a first 
group lens consisting of the negative first lens L x and the 
positive second lens L 2 and a second group lens consisting of 
the positive third lens L 3 and the negative fourth lens L 4 are 
arranged to be symmetrical with respect to a plane 
perpendicular to an optical axis X. The first and fourth 
lenses L x and L 4 are identical in lens structure,- and the second 
and third lenses L 3 and L 3 are identical in lens structure, and 
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they are structured so as to satisfy the following conditional 
expressions. 

[0044] (1J1.5S |t B /f I S2-7 

(4) l.K|f m /f p |<1.9 

(5) 0.6£t./f£l.8 

where f is a focal length of an entire system, 

t B is a principal-point interval between the groups, 

f m is a focal length of a negative meniscus lens, 

f p is a focal length of a positive lens, and 

t a is a principal-point interval between the negative meniscus 

lens and the positive lens. 

Next, a description will be given of the technical meaning of 
the conditional expressions (1), (4), and (5). 
[0045] If an upper limit value of the conditional expression 
(1) is exceeded, an interval between the group lenses is 
shortened, which is undesirable from the point of view of the 
structure. If a lower limit value of the conditional 
expression (1) is exceeded, the power of the lens element that 
is a constituent element of each group lens must be strengthened, 
and, as a result, sensitivity to an error increases, and an 
anti-error capability deteriorates. 

[0046] If an upper limit value of the conditional expression 
(4) is exceeded, lateral aberrations and astigmatisms in a 
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meridional direction suffer from a correction excess. If a 
lower limit value of the conditional expression (4) is exceeded, 
spherical aberrations suffer from a correction excess, and the 
power of the negative meniscus lens and the power of the 
positive meniscus lens become too strong, and manufacturing 
appropriateness deteriorates. 

[0047] If an upper limit value of the conditional expression 
(5) is exceeded, f-sin9 characteristics suffer from a 
correction deficiency. If a lower limit value of the 
conditional expression (5) is exceeded, f-sin9 
characteristics suffer from a correction excess. 
[0048] In Examples 4 to 6, the concave and convex surfaces of 
the first and fourth lenses L,, L 4 are constructed to be 
aspherical. Accordingly, . aberrations can be easily 
corrected. 

[0049] Examples 4 to 6 will be hereinafter described using 
concrete numerical values. 

[0050] <Example 4> The curvature radius r (mm) of each lens 
surface in Example 4, the center thickness of each lens, the 
air interval d (mm) between the lenses, and the refractive index 
of each lens are shown in Table 4 below. 

[0051] It is to be noted that, in Table 4 shown here and in 
Tables 5 and 6 described later, numbers that correspond to 



-20- 



reference characters r and d are set to become large 
successively from the object side. Numeral 1 corresponds to 
STO in each table. 

[0052] Values of the focal length f of the entire lens system, 
the principal-point interval t g between the groups, the 
negative element (negative meniscus lens) focal 
length/positive element focal length f„/f p # and the 
principal-point interval t. in the Fourier transform lens in 
this Example 4 are shown at the upper part of Table 4. Lens 
data in Examples 4 to 6 are 808nm in wavelength, 12° in field 
angle, and 2.4 in f -number. "A", "B", and "C" in Table 4 to 
Table 6 designate aspherical coefficients. "A" is a 
fourth-degree aspherical coefficient, "B" is a sixth-degree 
aspherical coefficient, and "C" is an eighth-degree aspherical 
coefficient. 
[0053] 
[Table 4] 

Focal length of entire system: f=l 
Principal-point interval between groups: t ff =-1.8 
Negative element (negative meniscus lens) focal 
length/positive element focal length f B /f p =-1.2 
Principal-point interval between lens elements t e =0.7 
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Number of 
surf 3 C6 s 


Curvature 
radius 


On-axis 
surface-to- 
surface 
distance 


Refractive 
index 


Remarks 


OBJ 


INFINITY 


INFINITY 






STO 


INFINITY 


0.121200 


1.510160 




2 


INFINITY 


0.422145 






3 


-0.68270 


0.242400 


1.510160 






A:0.323756E+00 




4 


-2.66519 


0.239733 








A: 0.443703E-00 




5 


7.99192 


0.484801 


1.822892 




6 


-1.43319 


0.092905 






7 


1.43319 


0.484801 


1.822892 






-7.99192 


0.239733 






9 


2.66519 


0.242400 


1.510160 






A: -.443703E+00 




10 


0. 68270 


0.422145 








A: -.323756E+00 




11 


INFINITY 


1.121200 


1.510160 




12 


INFINITY 


0.000000 






IMG 


INFINITY 









[0054] As is apparent from Table 4, in Example 4, the 
conditional expressions (1), (4), and (5) are all satisfied, 
and each aberration is sufficiently corrected. 



[0055] An aberration diagram of the spherical aberration, 
astigmatism, and distortion aberration in Example 4 is shown 
in Fig. 16, the f-sinG characteristic is shown in Fig. 17, and 
an aberration diagram of the lateral aberration is shown in 
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Fig. 18. In Fig. 16, "LONGITUDINAL SPHERICAL ABER" designates 
the spherical aberration, "ASTIGMATIC FIELD CURVES" 
designates the astigmatism, and "DISTORTION" designates the 
distortion aberration. The aspherical aberration drawing 
shows an aberration with respect to a sagittal (S) image surface 
(solid line) and an aberration with respect to a tangential 
(T) image surface (broken line) . As is apparent from Fig. 16 
to Fig. 18 shown here, according to Example 4, the 
aforementioned aberrations and the f-sinG characteristics can 
be all made excellent. 

[0056] <Example 5> The curvature radius r (mm) of each lens 
surface in Example 5, the center thickness of each lens, the 
air interval d (mm) between the lenses, and the refractive index 
of each lens are shown in Table 5 below. 

[0057] Values of the focal length f of the entire lens system, 
the principal-point interval t B between the groups, the 
negative element (negative meniscus lens) focal 
length/positive element focal length f m /f p , and the 
principal-point interval t € in the Fourier transform lens in 
this Example 5 are shown in the upper part of Table 5. 

[0058] 

[Table 5] 

Focal length of entire system: f=l 
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Principal-point interval between groups: t fl =-2.0 
Negative element (negative meniscus lens) 
length/positive element focal length f n /f p =-1.6 



focal 



Number of 
surfaces 


Curvature 
radius. 


On-axis 
surface-to- 
surface 
distance 


Refractive 
index 


Remarks 


OBJ 


INFINITY 


INFINITY 






STO 


INFINITY 


0.121200 


1.510160 




2 


INFINITY 


0.458689 






3 


-0.56560 


0.282800 


1.510160 






A: 0 . 266466E+00 B: 0.686450E+00 




4 


-1.03840 


0.227758 








A: 0.198485E-00 B: 0.232851E+00 




5 


8.56926 


0.404000 


1.822892 




6 


-1.34471 


0.040400 






7 


1.34471 


0.040400 


1.822892 






8.56926 


0.227758 






9 


1.03840 


0.282800 


1.510160 






A: -.198485E+00 B: -.232851E+00 




10 


0.56560 


0.458689 








A: -.266466E+00 B: -.686450E+00 




11 


INFINITY 


1.121200 


1.510160 




12 


INFINITY 


0.000000 






IMG 


INFINITY 









[0059]. As is apparent from Table 5, in Example 5, the 
conditional expressions (1), (4) and (5) are all satisfied, 
and each aberration is sufficiently corrected. 
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[0060] An aberration diagram of the spherical aberration, 
astigmatism, and distortion aberration in Example 5 is shown 
in Fig. 19, the f-sinG characteristic is shown in Fig. 20, and 
an aberration diagram of the lateral aberration is shown in 
Fig. 21. In Fig. 19, "LONGITUDINAL SPHERICAL ABER" designates 
the spherical aberration, "ASTIGMATIC FIELD CURVES" 
designates the astigmatism, and "DISTORTION" designates the 
distortion aberration. The aspherical aberration drawing 
shows an aberration with respect to a sagittal (S) image surface 
(solid line) and an aberration with respect to a tangential 
(T) image surface (broken line) . As is apparent from Fig. 19 
to Fig. 21 shown here, according to Example 5, the 
aforementioned aberrations and the f-sinG characteristics can 
be all made excellent. 

[0061] <Example 6> The curvature radius r (mm) of each lens 
surface in Example 6, the center thickness of each lens, the 
air interval d (mm) between the lenses , and the refractive index 
of each lens are shown in Table 6 below. 

[0062] Values of the focal length f of the entire lens system, 
the principal-point interval t g between the groups, the front 

(object side) surface curvature/back surface curvature r f /r b , 
and the lens thickness d in the Fourier transform lens in this 
Example 6 are shown at the upper part of Table 6. 
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[0063] 
[Table 6] 

Focal length of entire system: f=l 

Principal-point interval Between groups: t 0 =-1.8 

Negative element (negative meniscus lens) focal 

length/positive element focal length f m /f p =-1.8 

Principal-point interval between lens elements (the negative 



Number of 
surfaces 


Curvature 
radius 


On-axis 
surface-to- 
surface 
distance 


Refractive 
index 


Remarks 


OBJ 


INFINITY 


INFINITY 






STO 


INFINITY 


0.121200 


1.510160 




2 


INFINITY 


0.461447 






3 


-0.52520 


0.202001 


1.710839 






A:0.347783E+00 B: 0.165938E+01 




4 


-0.75837 


0.361109 








A: 0.219765E-00 B: 0.553258E+00 




5 


4.51590 


0.323201 


1.822892 




6 


-1.27403 


0.012652 






7 


1.27403 


0.323201 


1.822892 






4.51590 


0.361109 






9 


0.75837 


0.202001 


1.710839 






A: -.219765E+00 B: -.553258E+00 




10 


0.52520 


0.461447 








A: -.347783E+00 B: -.165938E+01 




11 


INFINITY 


1.121200 


1.510160 




12 


INFINITY 


0.000000 






IMG 


INFINITY 









-26- 




[0064] As is apparent from Table 6, in Example 6, the 
conditional expressions (1), (4), and (5) are all satisfied, 
and each aberration is sufficiently corrected. 
[0065] An aberration diagram of the spherical aberration, 
astigmatism, and distortion aberration in Example 6 is shown 
in Fig. 22, the f-sinG characteristic is shown in Fig. 23, and 
an aberration diagram of the lateral aberration is shown in 
Fig. 24. In Fig. 22, "LONGITUDINAL SPHERICAL ABER" designates 
the spherical aberration, "ASTIGMATIC FIELD CURVES" 
designates the astigmatism, and "DISTORTION" designates the 
distortion aberration. The aspherical aberration drawing 
shows an aberration with respect to a sagittal (S) image surface 
(solid line) and an aberration with respect to a tangential 
(T) image surface (broken line). As is apparent from Fig. 22 
to Fig. 24 shown here, according to Example 6, the 
aforementioned aberrations and the f-sin9 characteristics can 
be all made excellent. 

[0066] Without being limited to the aforementioned examples, 
the Fourier transform lens of the present invention can have 
various modifications. For example, the curvature radius r 
of each lens and the lens interval (or lens thickness) d can 
be arbitrarily changed. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
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[Fig. 1] View that shows the structure of the Fourier transform 
lens according to Example 1 

[Fig. 2] View that shows the structure of the Fourier transform 
lens according to Example 2 

[Fig. 3] View that shows the structure of the Fourier transform 
lens according to Example 3 

[Fig. 4] Aberration diagram (spherical aberration, 
astigmatism, and distortion aberration) of the Fourier 
transform lens according to Example 1 

[Fig. 5] View that shows the f-sinG characteristic of the 
Fourier transform lens according to Example 1 
[Fig. 6] Lateral aberration diagram of the Fourier transform 
lens according to Example 1 

[Fig. 7] Aberration diagram (spherical aberration, 
astigmatism, and distortion aberration) of the Fourier 
transform lens according to Example 2 

[Fig. 8] View that shows the f-sinG characteristic of the 
Fourier transform lens according to Example 2 
[Fig. 9] Lateral aberration diagram of the Fourier transform 
lens according to Example 2 

[Fig. 10] Aberration diagram (spherical aberration, 
astigmatism, and distortion aberration) of the Fourier 
transform lens according to Example 3 



-28- 




[Fig. 11} View that shows the f-sin0 characteristic of the 
Fourier transform lens according to Example 3 
[Fig. 12] Lateral aberration diagram of the Fourier transform 
lens according to Example 3 

[Fig. 13] View that shows the structure of the Fourier transform 
lens according to Example 4 

[Fig. 14] View that shows the structure of the Fourier transform 
lens according to Example 5 

[Fig. 15] View that shows the structure of the Fourier transform 
lens according to Example 6 

[Fig. 16] Aberration diagram (spherical aberration, 
astigmatism, and distortion aberration) of the Fourier 
transform lens according to Example 4 

[Fig. 17] View that shows the f-sin9 characteristic of the 
Fourier transform lens according to Example 4 
[Fig. 18] Lateral aberration diagram of the Fourier transform 
lens according to Example 4 

[Fig. 19] Aberration diagram (spherical aberration, 
astigmatism, and distortion aberration) of the Fourier 
transform lens according to Example 5 

[Fig. 20] View that shows the f-sinG characteristic of the 

Fourier transform lens according to Example 5 

[Fig. 21] Lateral aberration diagram of the Fourier transform 



-29- 



lens according to Example 5 

[Fig. 22] Aberration diagram (spherical aberration, 
astigmatism, and distortion aberration) of the Fourier 
transform lens according to Example 6 

[Fig. 23] View that shows the f-sin9 characteristic of the 

Fourier transform lens according to Example 6 

[Fig. 24] Lateral aberration diagram of the Fourier transform 

lens according to Example 6 

[Description of Symbols] 

r i~ r i2 Curvature radius 

d i^ d u On-axis surface-to-surface distance 
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Fig.21 
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